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Multi operation Machine with an U-shaped frame with several apertures. 

Field of the Invention 

The present invention relates to a multi-operation 
machine, comprising a machine frame , a holder, which is 
arranged to hold a workpiece and to move said workpiece 
5 during machining thereof along three axes constituting 

a first, a second and a third axis of a three-dimensional 
coordinate system, and at least two tools, which each are 
fitted to a support and which are arranged to machine the 
workpiece in "sequence while this is being displaced by 
10 means of the holder, each support being arranged to 

assume a fixed position relative to the machine frame 
while the workpiece is being machined by the associated 
tool . 

Background Art 

15 US 5,486,151 discloses a multi-operation machine 

according to the introduction. This machine has two 
prominent features which distinguish it from prior-art 
machines of this type. First, in this machine the sup- 
ports consist of two spindles, which are arranged to 

2 0 drive tools for machining a workpiece that are inter- 

changeable by means of tool changers . The advantage of 
this arrangement is that the time required for a tool 
change in one of the spindles can be used to machine 
the workpiece by means of the tool on the other spindle. 
25 Second, in this machine the spindles are intended to 
assume a fixed position relative to the machine frame 
during machining of the workpiece. The advantage here 
is that it is easier to control the machine since it is 
always the same machine element, namely the holder, that 

3 0 is moved during machining. 

A disadvantage of the prior-art machine is that the 
machining opportunities offered by these two spindles are 
not optimal, since it is not possible to achieve an ade- 
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quate driving of all the tools available with only two 
spindles. 

Object of the Invention 

In view of the above, it is an object of the inven- 
5 tion to provide an improved mult i- operation machine, 

which in an extremely simple way allows an optimisation 
of both the number and the design of supports for tools 
intended for machining a workpiece. 
Summary of the Invention 

10 According to the invention, this object is achieved 

in a mult i -operation machine as described by way of in- 
troduction by the machine frame having the shape of an 
upwardly open U-shaped channel over which the support 
extends like an overhead crane and which has a bottom 

15 portion in which the supports are arranged. Owing to the 
solution according to the invention involving a holder 
in the form of an overhead crane and a U-shaped channel, 
a space that is unaffected by the holder is formed in the 
bottom portion of the channel, in which space it is pos- 

2 0 sible to arrange a suitable number of supports of a 
suitable type. 

Certainly, US 5,699,598 discloses a machine tool 
having a machine frame in which two guide rails are hori- 
zontally arranged parallel to each other above a machin- 

2 5 ing space, but this space does not have the shape of a 

channel, but rather of a chamber that is centred about a 
turret arranged in the chamber. The machine tool in ques- 
tion further comprises two interacting slides supporting 
two separate spindles, the interaction between the slides 

3 0 making it impossible to move the slides in any other di- 

rection than the directions X and Z as indicated. 

In this connection, the supports are preferably each 
arranged in one of a plurality of openings in the bottom 
portion of the channel and are displaceable between a 
35 working position, in which the associated tool is located 
within a machining zone for machining the workpiece, and 
a resting position, in which the associated tool is 



WO 02/00390 



PCT/SE01/01481 



3 

located outside said machining zone. The advantage of 
this solution is that the openings create even more space 
for supports in the bottom portion of the channel. 

Furthermore , the bottom portion of the channel pref- 
5 erably comprises a horizontal bottom wall and two verti- 
cal side walls rising parallel to each other on both 
sides of the bottom wall, the openings being formed 
partly in said bottom wall and partly in said side walls. 
The advantage of this is that it is possible to provide, 

10 in an extremely simple way, supports for both horizon- 
tally and vertically oriented tools. 

Moreover, the openings are preferably tunnel -shaped 
and the supports comprise brackets for mounting therein. 
The advantage of this is that the assembly and dis- 

15 assembly of the supports is thus considerably facili- 
tated . 

In addition, the openings preferably have apertures 
on the outside of the channel and the supports are ex- 
changeable from the outside of the channel through these 

20 apertures. The advantage of this solution is that the 
accessibility of the supports is considerably improved 
and that it is possible, if desired, to assemble or dis- 
assemble a support during operation of the machine. 

The third axis is preferably vertical and the holder 

25 is arranged to rotate the workpiece about this axis. In 

addition, the holder is preferably arranged to rotate the 
workpiece about a horizontal pivot shaft, which is ro- 
tatable about the vertical axis and parallel to a plane 
through said first and second axes. Moreover, the holder 

3 0 is preferably arranged to rotate the workpiece about a 

further pivot shaft, which is perpendicular to said ver- 
tical axis and said horizontal pivot shaft. The advan- 
tages of these further axes of movement are that each 
of them improves the- possibilities of machining the work- 

35 piece. 

Preferably, at least one of the supports comprises 
a tool changer, which is arranged to switch, in said 
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resting position, between at least two tools. The advan- 
tage of this is that it is thus possible to easily switch 
to a new tool when the old one is worn out or to a dif- 
ferent type of tool while another of the machine's tools 
5 is in operation. 

In an embodiment of the invention, at least one of 
the supports is a spindle unit, which is arranged to ro- 
tate a tool. Preferably, however, a plurality of spindle 
units are provided, each spindle unit having properties 

10 adapted to the associated tool/tools. The advantage of 

having specially adapted spindle units is that they allow 
optimal machining of a workpiece in terms of time expen- 
diture and product quality. 
Brief Description of the Drawings 

15 A preferred embodiment of the invention will be 

described in more detail below with reference to the 
accompanying drawings, in which 

Fig. 1 is a perspective view of a preferred embodi- 
ment of the multi -operation machine according to the in- 

2 0 vention; 

Fig. 2 is a perspective view of a tool spindle for 
tool changing intended f or . the multi-operation machine; 
and 

Fig. 3 is a perspective view of the tool spindle in 
25 a resting position. 

Description of a Preferred Embodiment 

With reference to Fig. 1, the multi -operation ma- 
chine 1 has a machine frame 2. A holder 3, vrhich is 
carried by the machine frame 2 , is arranged to hold a 

3 0 workpiece 4 and to move said workpiece 4 during machining 

thereof in the machine 1 along three axes constituting a 
first x, a second y and a third z axis of a three-dimen- 
sional, orthogonal coordinate system. Inside the machine, 
a plurality of rotating tools 5 are provided, each of 
35 which is clamped in a spindle 6. The tools 5 are arranged 
to machine the workpiece 4 in sequence while this is be- 
ing moved by means of the holder 3 , each spindle 6 being 
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arranged to assume a fixed position relative to the 
machine frame 2 while the workpiece 4 is being machined 
by the tool 5 associated with the operating spindle 6. 

As shown, the machine frame 2 has the shape of a up- 
5 wardly (in the z-direction) open U-shaped channel 7 over 
which the support 3 extends like an overhead crane, i.e. 
it bridges the upper opening 8 of the channel 7, rails 9 
extending in the x-direction and intended for the dis- 
placement of the holder 3 in this direction encompassing 

10 said opening 8. In addition, the channel 7 has a bottom 
portion 10, in which the spindles 6 are arranged. 

More particularly, the spindles 6 are each arranged 
in one of a plurality of openings 11 in the bottom por- 
tion 10 of the channel 7. This bottom portion 10 com- 

15 prises a horizontal bottom wall 12 and two vertical side 
walls 13 rising parallel to each other on both sides of 
the bottom wall 12. The openings 11 are formed partly in 
said bottom wall 12 and partly in said side walls 13, 
said openings 11 being tunnel -shaped and having aper- 

2 0 tures 14 which are positioned on the outside of the 

machine frame 2 or the channel 7 and through which the 
spindles 6 are exchangeable. 

In addition to the three axes of displacement x, y 
and z, which are defined by the rails 9 mentioned above 
25 and by horizontal rails 15 extending in the x-direction 
and vertical rails 16 extending in the z-direction, the 
holder 3 also has three axes of rotation. The first axis 
of rotation is defined by the axis z and extends through 
the centre of a central column 19 of the holder 3, which 

3 0 column is vertically displaceable by means of the rails 

16, and allows a fork 17 mounted on the column 19 and 
associated with the holder 3 to be rotated about the axis 
z. The second one of these axes of rotation is horizon- 
tal, i.e. extends in- the x-y plane, and extends through 
3 5 the centre of a journal 18 carried on the fork 17, a 

further holder element 20 being pivotally carried on said 
journal 18. The third one of these axes of rotation ex- 
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tends through the centre of a journal 21, which is car- 
ried on the holder element 20, and is perpendicular to 
both the axis z and the journal 18 and allows the work- 
piece 4 to be pivoted in an additional manner. 
5 With reference to Figs 2 and 3, one of the tool 

spindles 6 is shown in more detail . It comprises a 
driving unit 22, which via a driving belt 23 drives a 
shaft 24. On the shaft 24, one of four tools 5 can be 
mounted by means of a tool changer 25, The tool changer 

10 25 comprises a tool holder 26 in the form of a circular 
disc formed with holes 27 for the tools 5 and is dis- 
placeable on . rails 28 by means of a piston assembly 29 
between a changing position, as shown in Fig. 2, and a 
resting position, as shown in Fig. 3. The rails 28 are 

15 advantageously placed on a bracket 30, which is used to 
fix the tool spindle 6 in one of the tunnel -shaped 
openings 11 shown in Fig. 1. 

As is evident from Figs. 2 and 3 , ' particularly the 
vertically oriented tool spindles 6 may also be displace- 

2 0 able between a working position, as shown in Fig. 2, and 
a resting position, as shown in Fig. 3. In order to pro- 
tect in a reliable manner the spindle 6 and a tool 5 
clamped therein in the resting position, the driving unit 
22 and the elements driven thereby are displaceably ar- 

25 ranged, as illustrated, by means of a piston assembly 31 
in a protective cover 32, which in the resting position 
is sealable by means of a lid 33. 

It will be obvious to the person skilled in the art 
that the multi -operation machine 1 described above may be 

30 varied in different ways within the scope of the claims, 
particularly as regards the spindles 6, which may very 
well consist of some other form of tool holder. 
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CLAIMS 

1. A mult i -operation machine, comprising a machine 
5 frame (2) , a holder (3) , which is arranged to hold a 

workpiece (4) and to move said workpiece during machining 
thereof along three axes constituting a first (x) , a 
second (y) and a third (z) axis of a three-dimensional 
coordinate system, and at least two tools (5) , which are 

10 each fitted to a support (6) and which are arranged to 

machine the workpiece (4) in sequence while this is being 
moved by means of the holder (3), each support (6) being 
arranged to assume a fixed position relative to the ma- 
chine frame (2) while the workpiece (4) is being machined 

15 by the associated tool (5) , characterised in 
that the machine frame (2) has the shape of an upwardly 
open U-shaped channel (7) over which the holder (3) ex- 
tends like an overhead crane and which has a bottom 
portion (10) in which the supports (6) are arranged. 

2 0 2, A machine according to claim 1, charac- 

terised in that the supports (6) are each arranged 
in one of a plurality of openings (11) in the bottom por- 
tion (10) of the channel (7) and that they are displace- 
able between a working position, in which the associated 

25 tool (5) is located within a machining zone for machining 
the workpiece (4) , and a resting position, in which the 
associated tool (5) is located outside said machining 
zone . 

3. A machine according to claim 2,charac- 
30 terised in that the bottom portion (10) of the 

channel (7) comprises a horizontal bottom wall (12) and 
two vertical side walls (13) rising parallel to each 
other on both sides of the bottom wall (12), the openings 
(11) being formed partly in said bottom wall (12) and 
35 partly in said side walls (13) . 

4. A machine according to claim 2 or 3, char- 
acterised in that the openings (11) are tunnel- 
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shaped and that the supports (6) comprise brackets (30) 
for attachment therein. 

5. A machine according to any one of claims 2-4, 
characterised in that the openings (11) have 

5 apertures (14) on the outside of the channel (7) and that 
the supports (6) are exchangeable from the outside of the 
channel (7) , through these apertures (14) . 

6. A machine according to any one of claims, 1-5, 
characterised in that said third axis (z) is 

10 vertical and that the holder (3) is arranged to rotate 
the workpiece (4) about this axis. 

7. A machine according to claim 6, charac- 
terised in that the holder (3) is arranged to 
rotate the workpiece (4) about a horizontal pivot shaft 

15 (18) , which is rotatable about the vertical axis (z) and 
parallel to a plane through said first and second axes 
(x, y) . 

8. A machine according to claim 7, charac- 
terised in that the holder (3) is arranged to 

2 0 rotate the workpiece (4) about a further pivot shaft. 

(21) , which is perpendicular to said vertical axis (z) 
and said pivot shaft (18) . 

9. A machine according to any one of claims .1-8, 
characterised in that at least one of the 

25 supports (6) comprises a tool changer (25) , which is 
arranged to change, in said resting position, between 
at least two tools (5) . 

10. A machine according to any one of claims 1-9, 
characterised in that at least one of the 

3 0 supports is a spindle unit (6) , which is arranged to 

rotate a tool (5) . 

11. A machine according to claim 10, charac- 
terised in that a plurality of spindle units (6) 
are provided, each spindle unit (6) having properties 

35 specially adapted to the associated tool/tools (5) . 
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BASIC-ABSTRACT: 

NOVELTY - The multi-operation machine ( 1 ) comprises a machine frame 
(2), a holder (3) which is arranged to hold a workpiece (4) and to move it 
during machining along three axes (x,y,z) of a three-dimension coordinate 
system. At least two tools (5) are each fitted to a support (6) and are 
arranged to machine the workpiece (4) in sequence while this is being 
displaced by the holder (3). The machine frame (2) has the shape of an 
upwardly open U-shaped channel (7) over which the holder (3) extends like 
an overhead crane and which has a bottom portion (10) in which the 
supports (6) are arranged. 

DESCRIPTION - Each support (6) arranged to assume a fixed position 
relative to the machine frame (2) while the workpiece (4) is being machined 
by the tools (5). The supports (6) are each arranged in one of several 
openings (1 1) in the bottom portion (10) of the channel (7), and are 
displaced between a working position in which the associated tool (5) is 
located within the machining zone, and a resting position where the tool (5) 
is outside the machining zone. The bottom portion (10) of the channel (7) 
comprises a horizontal bottom wall (12) and two vertical side walls (13) 
rising parallel to each other on both sides of the bottom wall (12) and partly 
in the side walls (13). 

USE - In multi-operation machines where the workpiece is moved along 
three axes of a three-dimensional coordinate system. 

ADVANTAGE - Allows the optimization of both the number and design of 
supports for tools, in an extremely simple manner. 

DESCRIPTION OF DRAWING(S) - The figure shows a perspective view 
of the multi-operation machine. 

machine ( 1 ) 

frame (2) 

holder (3) 
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